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3 X V E S T I W I O N  O F  THE EFEZCT OF A NACELLE AT 

CHARACTERISTICS AT HIG3 SUBSODTIC SPEEDS OF A 45O SWEPTBACK 

By H. Norman   silver^, Thamas J. a, Jr ., and 
Thomas B. Pasteur, Jr. 

S U M M A R Y  

..i A nacelle was inveetigated at various chordwise positions and 

* a body of revolutim of ffneness  ratio 5 .O with a modified MACA 65-series 
vertical  locations an a semispan model of a wlng KLth and without a 
fuselage  through a Mach number range from 0.4 t o  0.9. The nacelle was 

profile shape. The investigation was made to determine  the interference 
characteristics between the  nacelle and the model and t o  determine the 
effect  of the f m l a g e  on nacelle  interference. 

T h e  resul ts  showed that the  nacelle reduced the  drag  rise M a c h  nun- 
ber of the model. The reductian appeared t o  be due to  flow  conditions 
over the  nacelle which  were in general l f t t l e   a f f ec t ed  by changes in 
interference due t o  changes in nacelle  position. Appreciable reduction 
in nacelle  interference drag accompaled rearward chordwise movement of 
the nacelle in both an underwhg and a spmetr ica l   ver t ica l   loca t im 
below force break. An overwing nacelle  location showed increased nacelle 
ifrberference  drag as well as appreciable  reductions in drag-rise M a c h  
number. In contrast t o  the  nacelle  interference drag coefficient  the 
static-pressure  distributions in the  nacelle  jmctures showed that the 
incremental  section  pressure drag coefficients FncreEteed with r e m d  
chordwise movement of the  nacelle and tha t  a rearward movement of the 
peak minimrrm pressure fn the nacelle  junctures accompmied r e m d  
movement of the nacelle. 

The nacelle reduced the  lift-curve  slope  ofrthe  wing-fuselage model 
with  the largest reductiane  occurring f o r  the rearward chordwise posi- 
t im of the  nacelle. The mce l l e  produced an increase, however, i n  the 
lift-curve slope of the wing alone. In adaftion t o  giving  evidence of 

f l  

i appreciable  effects on the s t ab i l i t y  of the  mdel  at the higher l i f t  
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coefficients,  the  vmious  nacelle  positims. showed that forward chord- 
wise locations in ei ther  an underving or a symmetricd- ver t ica l   pos i t im 
produced a destabilizing change in the aerodynamic-center location of 
the model at a low l i f t  coefficient; whereas a s tabi l iz ing change was 
obtahed with rearward nacelle locations.   Stabil izing changes were, 
however, evident for both forward and rearwa;rd nacelle  locations in  an 
overwing position. 

Although the  addition of the  fuselage resulted In reductians in 
the drag break Mach  nUmBer8 of the model with  nacelle, it appeared t o  
have only negligible effect  on the  interference drag coefficients Fn 
this speed range. Below force break the  fuselage had l i t t l e   e f f e c t  
on nacelle  interference  drag  coefficients. The Azselage wae responsible 
for  abrupt changes in  the aerodynamic-center locations,  lift-curve slopes, 
and angles of zero lif't at force  break. 

I N T R O D U C T I O N  

It has been shown (references 1 aml 2) that combinfng a swept wing 
with  fuselages and engFne howings can result in interference phenomenon 
that   tend  to  destroy the advantages of the swept wing. As a part  of a 
general program  of resemch a t  izansonic  speeds,  the matianal Advisory 
Committee f o r  Aeronautics i s  canducting  investigations t o  develop engine 
nacellee  for UBB on a i r c ra f t  employing ewept wings. AS a phase of a i s  
program, the present paper presents results obtalned *om an investiga- 
t ion conducted a t  high subsonic  speeds t o  determfne the effect  of a 
nacelle-like body of revolution a t  several chordwise and ver t ica l  psi-  
tims and m e  spanwise location on the aerodynamic characteristice of 
a 45O meptback wing alone and of the wing cambined with a fuselage. 
The results  include msamrmmts of l i f t ,  drag, and pitching mcrmsnts 
and static-pressure measurements a t  two spanwise stat ians  an the wing 
corresponding to   the inboard and outboard  Junctures of the wing with 
the nacelle. 

S Y M B O L S  
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CD drag coefficient (Twice semispan drag/@) 

lift coefficient (Twice semispan l i f t / @ )  
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pitching-rnamant coefficient  referred to 0.25F of wing and 
0.6352 of nacelle, which carrespmde to & nacelle locatim 
of c = -0.40 cn the m g  ( ~ c e  seaspan pttc&g mmnent/qST) x, 

sect ion  nom-force  coeFpicient   (Sect la  n o m  force/qc) 

Election chord-force  coefficient  (Sectitul  chord  force/qc) 

section pressure-drag coefficient  (cc COB a + c, E ~ I L  u) 

pressure coefficient - (”” 9 ’> 
free-stream dynamic pressure, pounds per s q w e  foot (5f) 
free-stream static  pressure, PO& per square foot 

twice wing area of semispan model, 2.356 s q w e  feet 

mean aerodpemic  chord of  wing, 0.640 foot, 

local. wing chord, f e e t  

twice span of semispan m o d e l ,  3.76 f ee t  

diemeter, feet 

longitudinal distance f’rcan local-chord leading edge (positive 
rearward), f e e t  

length of body of revohtian,  inches 

perpendicular distance fran plene of symmetry along semispan, 
f ee t  

perpendicular  distance From wlng-chord plane t o  nacelle  center 
l ine (positive upward) , feet 

fkee-stream air velocity,  feet  per secmd 

free-sweam velocity of souad, feet  per  aecmd 

free-stream Mach number (T/a) 
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MB drag-break Mach number, free-etream Mach nm.er a t  which 
ac, 

P mass density of air, &Lugs per  cukic foot 

a angle of attack, depeeg 

CLO angle of attack at zero l i f t ,  degrees 

Subscripts: 

C denotes chordwise dietance of local-chord  leading edge t o  
nacelle 1eadAm.g edge, positive  rearward 

P denotes chordwlse locatian of peak minirnm pressure 

f fueelage 

n nacelle 

M at  constant Mach  number 

c r   c r i t i c a l  

2 denotes loca l  condition 
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M O D E L S  A N D  A P P A R A T U S  
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Basic W i n g  and Fuselage Models 

The investigatim w a s  conducted In the Langley hi&-speed 7- by 
IO-foot tunnel with a semispan model of a swept back 4.5' with 
respect to t he  quazter-dhord line and a fuelage. The wing had an aspect 
r a t i o  of 6 and taper r a t i o  of 0.6. The a i r f o i l  sections were mACA 
~ A O W  profiles p a r u e 1  t o  t h e  free air stream. The wing was CQQ- 
structed of a steel spar cwered with a biemuth-tin alloy. Two epas- 
wise rows of static-pressure  orifices were located in the upper and 
lower surfaces of the wing in  planes that were pasal le l  t o  the plane of 
symmetry of the model and Fn such a apanwim pos i t im  as t o  be near t he  
junctures of w3ng md nacelle  (f ig.  1) . Chordwise Imatiana of the 
pressure orif ices  are presented In table I. 

The fuselage was half a body of revolution of EtCtUEtl fineness 
ratio 10 (baeic fineneee r a t i o  12) and was construoted of do-. 
Ordinates of the fuelage axe peaan ted  In table II. A drawing of the 

presented in figure 1. 
'1 wing-fuselage ahowing the various test locations of . the nacelle is  

.. 
N a c e l l e  Model 

The nacelle was a body of revolution deafwed t o  s h u h t e  a housing 
f o r  a single J e t  power unit. The size of the nacelle  relative to the 
size of the model was established by cansidering the  model t o  be a scale 
mdel of a bmber-type  airplane. The nacelle was conetructed of mahogany 
and  hEld a fineness r a t i o  of 5 .  The nacelle prof i le  ( t a k l e  1111 was a 
modified NACA 65 ser ies   a i r foi l   sect ion.  The lnodiffcaticrn cmsis ted of 
replacing t h e  izallfng-edge cwrp w i t h  a straight line that was tangent to 
t h e  model profile and passed through the trailing edge. 

Wing-Fueelage Test Ins"bim 

The semispan model was suspended f r o m  the mechanical-balance s y s t e m  

L Air flow into  the f low field of the model from outside of the tunnel was 
of the tunnel by a support member that extended through the tunnel  ceiling. 

m h i m i z e d  by mint- a gap of about 1/16 inch between the model 8 q -  
port and the  tunnel  ceiling. Photographs ShoWFng t h e  model mounted in 
the  tunnel are presented in figure 2. a 
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Nacelle Test  Installatian 
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The isolated  nacelle was investig&ted on a reflectim-plane B l a t e  
tha t  w a s  located 3 inches fram the  tunnel waJl t o  bypass the wall 
boundary layer. Force data were obtained cp1 a half model of the  nacelle 
and static-pressure measuramants  were obtained an a whole body of revolu- 
tian that was located awqy *om the  reflecttan-plane  plate by a tkfn 
support s t ru t .  Photographs of the h U  nacelle and the whole nacelle 
mounted m the  refleqtion-plane  plate m e  presented in figures 3 and 4. 
Figure 5 i s  a drawing showing the  nacelle modeler mounted on the reflection- 
plene  plate. 

Force  measuremnts m the half nacelle were made  by an e l e c t r i c d  
strain-gage balance  system located outside the tunnel. The balance was 
enclosed in a sealed container  to min i rdze  air flow into  the flow f i e l d  
of the model. Angle-of-attack changes were  &cccanplished by a conven- 
tional gemed drive system actuated by a d electr ic  motor. The 
whole nacelle had pressure orifices  located along the upper surface of 
the model. For this setup,  angle-of-attack changes were accomplished 
by a manual rotatim of t h e  model and support s t r u t s  

T E S T S  

Force measuremsnts of lift, drag, and pitchfng moments were obtained 
on the wing-fuselage model alone and with the nacelle  located In four 
chordwise positions Fn both an underwing and a  symmetrical ver t ical  
location over an angle-of-attack range that wmally extended f r a m  -0.80 
to u .3O. scans data are KLSO given f o r  an overwing location of t h e  
nacelle. These data were obtained by extending the negative angle-of- 
attack range of the underwing nacelle and presenting  these data aB 
resultB abtaJned on an overuing nacelle. Force data were also obtalned 
an the wing d m e  and with the nacelle in three chordwiee positions in 
the underwing vertical  .location on the wing. The test Mach nwfber range 
for t h i s  investigatim extended frm M = 0.4 to M = 0.9. The varia- 
t ion of the man t e s t  Reynolds number over %hi8 range of Mach numbers i s  
presanted in figure, 6 .  

Static-pressure measurements at spanwise stations on the wing 
correepanding t o  the inbomd and outboard junctures of the wing and 
nacelle were obtained  simultaneously  with  force measurements at angles 
of attack of 1,3', 5.3', and 9.3' and at Mach nurmbers of 0.4, 0.7, 0.8, 
and 0.9, for the wing-fuselage model d o n e  ana with the nacelle in four 
chordwise posit3,ans in both 89 underwing and a symms'trical ver t ical  
l oca t im ,  
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L i f t ,  drag, and pitching moments were also obtained on the nacelle 
a l m e  over an angle-of-attack r a g e  Frm -0.7' t o  U.3' and a Mach nm- 
ber range from 0.41 t o  0.96. Staticlgressure measurements over iihe 
nacelle were obtalned a t  angles of attack of e . 3 O  and 0' and at  Mach 
numbers of 0.42, 0.73t 0.81, and 0.86. 

C O R R E C T I O I T S  

Jet-boundary  corrections t o  the angle of attack and drag  coefficient 
of the  basic WFng and wlng-fwelage models were determfned by the method 
of reference. 3 and cranputed by the following equatiom : 

u = ClM + 0.12% 

I 
where the Bubsoript M denotes measured values. The jet-bomdary  cor- 
rections t o  the pitchfng-mnmnTlt coefficient were  considered negligible 
and therefore were not  applied. .' 

The drag has been corrected far the h0rizank.l bouyancy produced 
by the longitudinal static-pressure  gradient in the tunnel. The drag 
of the wing-fuselage c d i g u r a t i 0 m  pesanted herein includes the drag 
due t o  base pressure acting on the fuselage. 

Corrections have been added to the dynamic pressure and the Mach 
number to  accomt for the bloc- effect  of the model. The correctiols 
-re  determined by the method of r e f a r a c e  4. I 

P R E S E N T A T I O N  O F  R E S U L T S  

An outline of the  figures presenting the  reeulte of this investiga- 
t im i s  gtven below: 
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Figure 

Force  measurements : 
Aerodynamic  characteristice of . 

wing-fuselage combination . . . . . . . . . . . . . . . . . . .  7 
wing alone . . . . . . . . . . . . . . . . . . . . . . . . . .  8 
nacelle done  . . . . . . . . . . . . . . . . . . . . . . . . .  9 
wing-fuselage with vmious chordwise  locations of 

underwing nacelle . . . . . . . . . . . . . . . . . . . . . .  10 
symmetrical  nacelle . . . . . . . . . . . . . . . . . . . . .  11 
overwing nacelle . . . . . . . . . . . . . . . . . . . . . .  12 

wing with ~ " I O U S  chordwise locations of underwing nacelle . . 13 
S-g of aerodynamic  characteristics of nacelle alone . . . . .  14 
Drag characteristics of wing-fuselage with nacelle . 

C-D againstM . . . . . . . . . . . . . . . . . . . . . . . . .  15 
ES, against % . . . . . . . . . . . . . . . . . . . . . . . . .  16 
cDI against cL . . . . . . . . . . . . . . . . . . . . . . . .  17 
cDI again& +/c . . . . . . . . . . . . . . . . . . . . . . .  18 
c%/=% against  xJc . . . . . . . . . . . . . . . . . . . . .  19 

Sumnary of.aerodynamic characteristics of xing-fumlage with nacelle . 
ap against M . . . . . . . . . . . . . . . . . . . . . . .  20(4 
CLCLagainstM . . . . . . . . . . . . . . . . . . . . . . . .  20( b) 
Cmc, againet M . . . . . . . . . . . . . . . . . . . . . . .  2O(c) 

CD against M . . . . . . . . . . . . . . . . . . . . . . . . .  21 
Drag  characteristics of wing alone Kith nacelle . 
~ ' ~ ~ S t M  . . . . . . . . . . . . . . . . . . . . . . . . .  22 I 
C D ~  against% . . . . . . . . . . . . . . . . . . . . . . . . . .  23 

against  +/c . . . . . . . . . . . . . . . . . . . . . . .  24 
%/X% against xJc . . . . . . . . . . . . . . . . . . . . .  25 

S-y of aerodpmmlc characteristice of wing with  nacelle . . 26 

Pressure  measurements: 
Static-pressure  dis-tri'butione of two spanwise statione for . 
wlng-fuselage alane . . . . . . . . . . . . . . . . . . . . . .  27 
naceue d o n e  . . . . . . . . . . . . . . . . . . . . . . . . .  28 
wfng-fuselage with 

UnderWFng nacelle . . . .  . . . . . . . . . . . . . . . . . . .  29 
symmetrical  nacelle . . . . . . . . . . . . . . . . . . . . . .  30 

Peak-min5.mum-pressure locaticm . . . . . . . . . . . . . . . . .  31 
Nacelle pressure-drag chmacteristice . . . . . . . . . . . . . . . .  32 

? . 
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FORCE DATA 

The results  obtained f o r  the basic aodels, that is, the wing-fuselage 
combination  and the wing alone, are  pcesented for   bet ter  comparison on 
the figures  smmarizing the results  obtained  with the nacelle in place. 
For the most part, discusaim of the  results  for  the  basic model will be 
confined t o  those points  neceesarg to illuatrate nacelle effects.  

It is  t o  be  recogrxLzed that  reflection  effects,   particularly in 
connection  with drag, c m  have an appreciable influence an the  absolute 
values of coefficients. Comparison of unpublished resu l t s  of a change 
in drag due t o  a nacelle in an intermediate spanwtse location such a B  
that  uti l ized in this investigation have shown,  however, goo( agreement 
between results obtained on a semispan model and a three-dimansional model. 

Wing-Fuselage with Nacelle 

Drag. - It i s  usually found that when  a nacelle is added t o  the wing 
of a model the  principal change In aerodynamic characteristics of the 
model i s  an increase in drag that i~ fkequently larger than the drag 
contributi ons of the individual menfbers of the system. The nacelle i s  
also usually found t o  reduce the Mach  nuniber a t  which dra,g r i s e  of the 
model occurs. These effects due t o  interference seem t o  exLet for  the 
test model (fig. 15) . Although t h e  effect of interference on the incre- 
ment in drag due t o  the nacelle will be more fully  discussed in EL 

following  section, it caa be seen from these data tha t  the drag due to 
the nacelle is considerably higber at  0.3 Uft coefficient than at zero. 
Nacelle chordwise position i s  also  seen t o  have an appreciable  effect 
an the drag due t o  the nacelle 

AE expected,  the nacelle reduces  the Mach  nurmber f o r  drag r i s e .  
It i s  significant to note that with t h e  exception of the forward-located 
werwlng  naceYe  the  reduction fn drag-breakMach number appears t o  be 
essentially t h e  f o r  all positions of the =cella at both lift coef- 
ficients  presented. To better i l l u e k a t e  t h e  effect  of l i f t  coefficient 
an drag-break Mach nmber,  figure 16 is  presanted which ahows a, 
defined as tha t  Mach  number where - - - 0.1, as a function of lift 
coefficient. The values of MB 2 as w i l l  be shorn l a t e r ,  d u e s  of 
nacelle-interference  drag  coefficients me presented over a lift- 
coefficient  range of 0 t o  0.4 in an ef for t  t o  show the  effect  of the 
various nacelle positions  for  the range of l i f t  coefficients uBu&L1y 
encountered Fn high-speed f l i gh t  It i s  apparent  that with t h e  

%D 
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previously  stated  exception,  the maximum change in % is about 0.05. 
It might be  expected, however, that interference  effects which resu l t  
in  appreciable changes in the drag due t o  the nacelle at various l i f t  
coefficients and chordwlse locatians might resu l t  in considerably larger 
changes in  Mg than indicated by these data. By inqectian,   the drag 
r i s e  of the  isolated  nacelle i s  found t o  occur a t  about 0.88 Mach num- 
ber, which i s  seen ( f ig .  15) t o  be verynearly the same as the Mach 
number for drag  r ise  of the model with nacelle It appems then tha t  
the attainment of critical-flow  conditions over the  nacelle has, in 
th i s  investigation,  established a limit to the drag-rise Mach number of 
the model, and that, because  of these  charracteristics of the nacelle 
changes h nacelle chordwise location, have r e l a t ive ly   l i t t l e   e f f ec t  
on Mg. 

It is seen, however, ( f ig s .  15 and 16) that, when  the  nacelle i s  

located in such a chordwise positian (2 = -0.4 i n  the overwing loca- 
t ion as t o  impinge on the high local  velocity  field  generated at the 
higher l i f t  coefficients over the upper surface of wing, a cmsider- 
ably larrger reduction in p4B occur8 and also laxge increases in drag 
coefficient. 

) 

These r e su l t s   i l l u s t r a t e  the penalties in performance that can  be 
expected when a low-fineness-ratio,  low-critical-speed  nacelle is 
ut i l ized  a t  high subsonic speeds. 

Changes in both the chordwise location and vertical   posit ion of the 
nacelle produce changes in %he drag  coefficients of the model. To better 
i l lustrate   these  effects ,  the drag  increments  (herein  called  interference 
drag  coeffioients)  obtained by a subtraction of the drag coefficients of 
the basic model and the isolated  nacelle f r o m  the model with nacelle a r e  
presented i n  figure 18 as  a function of nacelle chordwise position for 
zero l i f t  coefficient and 0.3 l i f t   coe f f i c i en t  of the model. This inter- 
ference  drag  coefficient is equivalent t o  that obtained an a complete 
model with two nacelles. These results show that a general reduction in 
interference  drag  coefficient accompanies a rearward movement of the 
nacelle in both an UnderWLng and a symmatrical vertical   location. Up 
to   the drag-break Mach  number whlch occurs betwean Mach nmibers of 0.8 
asd 0.9 the  effect  of Mach number is mall. L i f t  coefficient  exerts a 
marked influence on C %. In general, the interference drag i s  consider- 
ably  higher a t  a l i f t  coefficient of 0.3 than at 0.  It can be seen 
( f ig .  17) that this trend i s  representative of the changes i n  C q  t ha t  
occur over the   l i f t -coeff ic ient  range investigated. 

In order to   es tabl ish a quantitatiye ba.si8 of comparison for  the 
interference  effects of the naceUe.positians  inveetigated, the interfer- 
ence drag coefficients (fig. 18) are referred  to   the dxag of the  isolated 



nacelle  (f ig.  9) and the resul ts  axe presented as a function of nacelle 
pos i t im f o r  the underwing and. symmetzical nacelle  positions a t  a lift 
coefficient of 0.3 ( f ig .  19). These resul ts  show that the reduction 
Fn (2% at subcritical. Mach numbers, due t o  rearward movement of the 
nacelle, € 8  of the  order of two t o  three times the drag of the isolated 
nacelle. 

Angle of zero l i f t . -  The effects of nacelle chordwise position cn 
the angle of  zero l i f t  are  presented in figme  20(a), f r o m  which it is  
seen that forward nacelle p s i t i m a  r e d t  in a positive change in the 
angle of zero ' l i f t  f o r  the underwing nacelle w h l l e  rearward positions 
resul t  in  a negative change. fh the overwfng locatian an  opposite 
effect  exists; that is, a f o m d  nacelle position a r e s  a negative ' 
change in a0 w h i l e  a rearward  nacelle  positim  gives a positive cha;nge. 
The maximmum change in a, due t o  changes in nacelle chordwise position 
is  fairly constant up to  Mach numbers of about 0.88 and is  of the order 
of lo. A rapid negative change Fn the m g l e  of  zero l i f t  occurs at  
Mach nm%erB  higher than about 0.88 which it be remdbered is the 
Mach  number f o r  drag  rise. The change seem to be the  least  severe f o r  
the rearmd  nacel le   locat ions.  

It is  seen that the angles of zero lift for the symmtrical  nacelle 
axe not exactly  zero. The FrmF1.17 departures .*an zero shown in these 
data are  representative of the  accuracy  involved in t h e  determinaticm 
of c[o from data obtaFned on the semispas mounting used for thfs 
Fnvestigatian. 

L i f  k - c m e  slope .- The nacelle generally reduces the lift-curve 
slope of the- basic model ( f ig .   20(b)) .  The reduction in Q 
for any vert ical  nacelle location is about 10 percent and, although 
the effects of changes in  nacelle chordwise position are samewhat incon- 
sistent, occurs f o r  the rearward nacelle positions. For the most part, 
forward nacelle positions produce  amaUer reductions in %. A b r u p t  
changes in -tude of t h e  l if t-curve slope develop a t  the higher Mach 
numbers f o r  most chordwise locations of t h e  underwing and the symetr ical  
nacelle. These variations appear t o  be errat ic  in regard t o  the M a c h  
number for the ornet of the changes fo r  each nacelle l oca t im  as wel l .  
as in  the  nature of the miation af te r  the break has bean reached. 
The l i f t - c w e  slopes of the model with the werwing nacelle, however, 
s h o w  no such rapid changes in C k  to the  highset Mach nmibers 
investigated. 

Pitching moment .- Examination of the pitchlng-mcHnent coefficient 
of the wing-fuselage model with the nacelle in various l o c a t i m   ( f i g s .  10 

moment characteristics. At the higher lift coefficients,  the  forward 
nacelle  locatiais in both the underwing and spmetrical   vertical   posit ions 

I to 12) s h o w s  that the nacelle has considerable imfluence on the pitching- 

I 



generally exert a stabilizing  Influence cm the  basic model throughout 
the  Mach number range. Rearward  nacelle  locations  show some effect  of 
vertical  position in that the underwing  positions of the  nacelle 
influences  the  stability  of  the  basic  model d y  at low Mach  numbers, 
where  the  effect  is  destabilizing, and a symmetrical  position  of a 
rearward  located  nacelle appears to  change  the  stability  of  the  basic 
model cmly at t h e  higher Mach numbers. The rearward  nacelle,  however, 
also  produces a destabilizlng  effect on the  basic mdel in this  vertical 
positian e 

It should be noted  that  pitching-moment  characteristics  of t h e  model 
with overwing  positions  of t h e  nacelle were obtained  at  the  higher  lift 
coefficients only at  the lower Mach numbers. Although an meruing posi- 
tion  of the nacelle generally exerts a stabilizing  influence on the node1 
at these lift  coefficients,  changes in nacelle  chordwise  location in the 
two locations  investigated in  the overwing position  have  (fig. 12) little 
effect on the  stability  of  the  model. 

The elope of  the  pitcbLng-mamant  coefficient &8 a function of lift 
coefficient which is an wdicaticm of the  aerodynamic-center  location 
relative to the  quarter-chord point of  the mean aero-c chord is 
presented In figure  2O(c) as a function  of Mach nmiber. Slopes were 
measured generally at a lift  coefficient of 0.1. The results  show  that 
a rather  abrupt  stabilizing  movement of the  aerodynamic-center  exists 
f o r  the u n d e r w b g  and  symmetrical  nacelles at the  higher  Mach  numbers. 
Ln them vertical  locatians,  forward  chordwise  nacelle  positions  exert 
a destabilizing  Influence and rearward chordwise  positions  produce 8. 
stabilizbg effect on t h e  model. Compwison of  the Slope8 of t he  
pitching-mm+t  curves  for the underwing and the overwing nacelle  show^ 
very simi1a;r  trenda although the  variations ~ 

what less coneistent for the various  chordwise  locations  of  the  over- 
wing nacelle at t h e  higher Mach numbere. 

GmCL appe= to be 

Thus, it appears that in asseesing t h e  over-all aeroQmmic merits 
of  nacelles  located on models, it is of particulm interest to examine 
the slopes of  the  pitching-moment  curve8. As ha8 been seen, a rearward 
location of the underwing  nacelle,  which gave promising Fnterferance 
drag characteristics, also gave  appreciable  changes in the  stability  of 
the model. Characterietics  such as these appar to warrant considera- 
tian  before  accepting such & nacelle  locatian on the  basis  of drag 
studies alone. 

Drag.- It  is  of  interest  to campme t h e  results obtained  for  the 
uing-fumlage cardbination with thoae of t h e  wing alone to determine t h e  



extent t o  which the fuselage influences the interference  characteristics 
of the nacelles. m e  t o t& drag coefficients  (f igs.  15 and U) show 
that additians of the fuselage aggravates the r i m  of drag at force 
break and r e m l t s  b sl ight ly  Imr drag-break Mach numbers defined 
herein as - a, = 0 .l) than were obtained f o r  the wing d o n e .  ( Drag-break 

& 
Mach numbers are, in fact, sl ightly  hi@er in scans instances than the 
highest test Mach  number (M = 0.9) and hence could not be qumtitatively 
determined. 

For bet ter  comparrism of the  effect  of the fuselage on t h e  nacelle 
interference drag coeff ident, figure 22 fs presented. T h f ~  figure &ma 
C D ~  for  cmparable chordwise locations of the underwing nacelle on t h e  

wbg-fuselage and on the wing d a n e  as a fmctfon of Mach  number for 
representative l f f t  coefficients of 0 and 0 -3 .  A more complete indica- 
t ion of t h e  effect  of l i f t  coefficient and nacelle chordwiee location 
on the change in mI due t o  the Fueelage can  be obtained by compmison 
of the resul ts  shown fn figures 23, 24, and 25 f o r  the wing alone with 
those of figures 17, 18, and 1.9 f o r  the wing fuselage. 

It is  seen ( f ig .  22) that throughout a large part of t h e  Mach nun- 
ber  range  Fnvestigated  the  fuselage has little effect  m the nacelle 
Fnterference drag coefficfent. The largest  apparent  effect of the 
fuselage i s  seen t o  ex is t  a t  the lowest test Mach  number where the  least  
accuracy of data was obtained and at the highest test Mach nlmrbers. 
The effect of the fuselage in the h i g h M a c h  rider range, however, 
appears t o  be somewhat d e r  than might be anticipated in v f e w  of the 
fuselage-induced  increases i n  the ra%s of r i s e  of the t o w  drag coeffi- 
cient and, as will be shown later, increases in the   ra te  of change of 
the l i f t -  and pitching-mommt--curve slopes  wlth Mach nmibers . 

Angle of zero l i f t . -  The fUsehge"has l i t t l e   e f f e c t  on the angle- 
of-zero-lift  variatians  for t h e  forward chordwfee posit3m of the nacelle 
( f igs .  20(a) asd 26) but seem t o  produce a negative change in a, of 
about 0.5O at the lower Mach numbers with t h e  rearward nacelle. The 
fuselage also increases  the  rapidity of the change in a, at the break 
although  the  oneet of the break was de-ed t o  higher Mach n h e r s  with 
the fuselage in place. 

Lift-curve slope.- A camparisan of the  lift-curve  slope^ of the wlng 
with nacelle  (f ig.  26) with  those of wing-fuselage 113th nacelle (fig.   20(b)) 
shows that  on the wing the nacelle increases the lift-curve d o p e  whereas, 
as previously indicated, for the wing-fwelage cambinaticm the nacelle 
reduces  the  lift-curve  slope. It i s  f e l t  that the apparent effect  of 
the fuaelage on the  nacelle  increments of t h i e  parameter  be unduly 
affected by the mall amount  of leakage present during the investigation 
mound the  root chord Of the semfspan model. 
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The rapid changes in C h  discussed  previously  for  the w i n g -  
fuselage canbination  appem a lso  t o  be due to  the fuselage since  the 
l T f t  curves of the wing with the nacelle in aeveral chordwise locations 
show smooth variationg t o  the highest test Mmh numbere. 

Pitching moment.-  The effects  of the  nacelle at various chordwlse 
locations on the pitching-moment characterist ics of the wing alone  are 
similar t o  those  previously  discuaaed  for  the  wing-fuselage model. It 
i s  t o  be noted that, for  the w i n g  alone, removal of the strong  stabil izing 
influence of the fuselage, ccnnbined with the destabil izing  effect  of the 
remmd-located  nacel le ,   resul ts  in a n  appreciable  destabilizhg  break 
in the pitching-moment curves at the higher Mach numbers and l i f t  
coefficients . 

It i s  &so seen ( f igs .   m(c)  and 26) that the fmelage is respmsible 
for  the abrupt s tabi l iz ing break In the  variaticm of 
break. The errat ic   var ia t ians  in C for the  rearward  nacelle  posi- 

t i an  on the wing-fmelage combbation ?f ig .  m(c ) )  are n o t  present on 
the wlng alone. In fact ,  the variation in aerodynamic-center location 
for  this nacelle  positian m the wing alone is less than 1.5 percent of 
the mean aerodynamic chord  throughout the Mach n-r range  investigated. 

% after force 
mc 

L 

P R E S S U R . E  D A T A  

As might be anticipated,   vertical  &isplacement of the  nacelle from 
the underwing t o  the symmetrical locations  (figa . 29 and 30) in any 
chordwise positim  generally results in an increase in pressure  coeffi- 
c ients  of the  upper-surface  nacelle  junctures and a reduction in the 
lower-surface junctura pressureB. The resu l t s  show that regions of 
crit ical   pressure develop in the  inboard  juncture a t  the wing leading 
edge with the nacelle in the forward positian. Remward movement of 
the nacelle results in a rearwarrd movement and d-Iut icm of the peak 
pressures and in the development of somewhat lower  peak pressures in 
the outboard nacelle juncture'. To i l l u s l r a t e  the influence of the 
nacelle chordwise position on the location of the peak minimum pressure, 
figure 3 1  i s  presented for a representative angle of attack of 5.3O. 

Consideratian of the  pressure  coefficients 011 the wing of the baflic 
wing-fuselage combination ( f ig .  27) and the  isolated  nacelle ( f ig .  28) 
shows that attainment of sanic  flow in  the nacelle junctures ( f igs .  29 
and 30)  at  Mach numbers  between 0.7 and 0.8 is due largely  to  the high 
pressure  coefficients generated over the  nacelle. T h i s  condition, how- 
ever, does not lead  to  well-established compression shock in the JMC- 
tures until a Mach number of 0.9 which i s  approximately drag-rise Mach 
number (Mg = 0.88). 



? 

Below force-break Mach numbers, a large variation in the  nacelle 
interference  drag  Coefficient has been shown t o  exist  with change in 
nacelle chordwlse position. To analyze t h i s  effect it will be helpful 
t o  exasline the increment in section  pressure-drag  coefficient Fn the 
nacelle  junctures (fig. 32) It should be eqhasized that the component 
of drag i s  due t o  surface  pressures and does not Include the effects  of 
viscosity  except as viscosity  affects the eurface  pre~lsure  distribution. 
The remits show that forward nacelle positions give negative increments 
in s e c t i m  preesure-drag  coefficient in the inboazd juncture and that 
the Increment increases  positively with remwmd nacelle movemant. These 
resul ts  are, of course, not surprising  became of the forPLatian and 
movement of the peek pressures Kith nacelle  posit ims,  but it does 
demonstrate quantitatively  the  relative magnitudes of the changes in 
the pressure ccmfficiants  involved. Accordingly, the growth am€ rear- 
ward movement of the peak pressures in the  outboard  junctures beginning 

a t  - + - - -0.4. d e o  resu l t  in a positfve increase of incremnw  sec t ion  
pressure drag coefficient. Thm, it is obvioue that the  general reduc- 
t i m e  in interference drag coefficients that have been shown t o  accompany 
r e m m d  movement of the nacelle axe not due directly to dmnges in h p e  
of the static-pressure  distribution in the nacelle Junctures. It is  
also obvious then that there axe other effects which campensate f o r  the 
changes in incremental  section pressure drag in the nacelle junctures. 
These effects may Fnclude pressure changes  over sections of the wing 
.other than the  junctures a;nd changes in the viscoue  cmtributian  to the 
nacelle  interference  drag  coefficient. If the  effects of viscosity 
prove t o  be significant, Reynolds nrmiber u y  also have a signific&nt 
beaxlng cm the drag characteristics  Fadicated by this investigation. 

C 

The resul ts  of an investigaticm of the effect  of a liacelle at 
vmious chordwAse and vertical  positions on the aerodynamic character- 
i s t i c s  of a 45 meptback WLng ccanbined wlth a fuselage over a Mach 
numiber range fram 0.4 t o  0.9 and a Reynolds number range f r a m  about 
1.5 X 10 6 to 2.5 X 10 6 indicate the followhg  conclwims: 

1. The nacelle reduced the drag-rise Mach nmber of the model. 
The reduction appeared t o  be due t o  flow cmdi t ime  over the nacelle 
which  were in general l i t t l e   a f f ec t ed  by changes in interferance due 
to changes in nacelle  poeiticm. 

2. A n  appreciable  reduction in nacelle interf ermce drag accompanied 
rearward chordwlse movement  of the nacelle in both an underwing and a 
syametrical  vertical  location below force break. An overwing loca t im  of 
the  nacelle showed increaeed  nacelle  interference drag a6 w e l l  a8 appreci- 
able  reductions in drag-rise Mach number. 
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3 .  Ln contrast t o  the nacelle interference drag coefficient  the 
static-pressure  distributians in the  nacelle  junctures showed khat the 
incremental  section  pressure-drag  coefficient  increased with rearward 
chordwlse movement of the nacelle and that a rearward movement of the 
peak minimum pressure In the nacelle j m t u r e s  accompanied rearwmd 
movemsnt of t h e  nacelle. It was obvious then that there  are  other 
effects which  compensate for the changes in incremental  section pressure 
drag coefficients in the nacelle  junctures. 

4. The nacelle reduced the lift-curve slope of the wing-fwelage 
model with the largest  reductions  occurring  for  the  rearward chordwise 
position of the  nacelle. The nacelle produced ~ u 1  increase, however, 
in the  lift-curve  slope of the w f n g  alone 

5 .  Ih addition t o  giving  evidence of appreciable  effects on the 
s tab i l i ty  of the model a t  the higher l i f t  coefficients,  the  various 
nacelle positians showed that f o m d  chordwise locations in either an 
underwing or a symmetrical ver t ical  posit ion produced a destabilizing 
change in   the  aerodyna3nic-center location of the model at  a low l i f t  
coefficient and a stabil izing change was obtahed #It& rearward  nacelle 
locatims.  Stabil izing changes were, however, evident  for  both forward 
and rearward nacelle locations in an overwFng position. 

6 .  Although the addition of the fwelage  resulted in reductiom 
in the drag-break Mach numbers of  the m o d e l  with nacelle, it appeared 
t o  have ady negligible  effect on the  interference drag coefficients 
In this speed rmge.  Below force  break the fuselage also had l i t t l e  
effect  on nacelle interference  drag  coefficients. The fuselage WE, 
however, responsible f o r  abrupt changes in t h e  aerodynamic-center 
l oca t ions ,   l i f t - cme  s lope ,  and angles of zero l i f t  a t  force  break. 

t 
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Figure 7.- AerodynaPaic characteristics of a k5O aweptback wing and fusalage 52 
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coefficient to nacelle drag coefficient at  vazious Mach numbers for 
a 45’ sweptback wing and a fuselage of fineness r a t i o  10 with a nacelle 
of fineness r a t i o  5 .  
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Figure 20 .- S m y  of aerodynamic paremetere of a 45O aweptback w i n g  
and a fuselage of fineness ratio 10 with a nacelle of finenoos ratio 5 
at various chordwise and ver t ica l  positions. 
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Figure 20 .- Continued. 
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Figure 20 .- Concluded. 
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Figure 21.- Variation of drag coefficient 
back wing with an uriderdng nacolle of 
chordwise positions. 

w f t h  Mach number of Q 45O swept- 
fineness ratio 5 at varloun 
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Figure 23.-  Variation of interference drag coefficient w i t h  lift coeffi- 
cient of a 45O sweptback wing with an underwing nacelle of fineneea 
r a t i o  5 at  various chordwiee poeitfms. M = 0.70. 
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Figure 24.- Effect of nacelle position on the interference  drag COB f f i -  
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cieni; at various Mach numbere of a 45O meptbsck wing with an under- 
wing nacelle of fineneae r a t i o  5 .  
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Figure 25.- Effect of nacelle  positian on the r a t i o  of Interference drag 
coefficient t o  nacelle drag coefficient at various Mach nlxmbere for 
a 45' sweptback wing and a n  UndertrLng nacelle of f Fnenees r a t i o  5 . 
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Figure 26.- Summary of aerodynamic parameters of a 45' sweptback wing 
with an underwing nacelle of finenese ra t io  5 at various chordwi8e 
poeitiong . . .  
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Figure 27.- Chordwlse pressure dietributione a t  two Bpanviee junc%ure 
sktians of 8 45' Bweptback wing ad fimlage o f  fineness ra t io  10 
for BsVar€d angles of attack end Mach numbers. 
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Figure 28.- Pressure d i s ~ i b u t l - ~ s  over a nacelle of ffneness r a t i o  5 
at several angles of attack and Mach numbers-. 
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Flgure 29.- Cantinued. 
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